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The magnetic-field evolution of Coulomb blockade peaks in lateral In.75Ga.25As/ In.75Al.25As
quantum dots in the few-electron regime is reported. Quantum dots are defined by gates evaporated
onto a 60 nm-thick hydrogen silsesquioxane insulating film. A gyromagnetic factor g∗ ≈ 4.4 is
measured via zero-bias spin spectroscopy and a transition from singlet to triplet spin configuration
is found at an in-plane magnetic field B = 0.7 T. This observation opens the way to the manipulation
of singlet and triplet states at moderate fields and its relevance for quantum information applications
will be discussed.
Renewed interest in quantum dots (QDs) defined by
lateral electrostatic gates stems from the relevance of
these systems in the field of quantum information pro-
cessing. Indeed QDs containing few electron spins can
be operated as qubits1,2. State initialization, measure-
ment and quantum-gate operation were experimentally
demonstrated3,4. Manipulation of the electron spin was
obtained through magnetic fields or electrically by ex-
ploiting spin-orbit interaction5. Much of the experi-
mental work performed so far is based on GaAs-based
heterostructures, for which a well-established technol-
ogy is available. On the other hand, InGaAs QDs with
high In concentration are attractive systems for spin ma-
nipulation thanks to their high effective g-factor6 and
strong spin-orbit coupling7,8. Their exploitation was hin-
dered, however, by the absence of a sufficiently large
Schottky barrier. Indeed, the latter is virtually absent
in In.75Ga.25As-metal contacts, a fact that stimulated
the use of these alloys for the investigation of prox-
imity effects9 in hybrid semiconductor/superconductor
devices10,11. Moreover, few-electron QDs were realized
in InAs-based nanowires12,13. Recently, the realization
of In.75Ga.25As lateral QDs was reported by Sun et al.
14
using atomic layer deposition-grown hafnium oxide and
by Larsson et al., with an approach that combines wet
chemical etching and metal gating15,16, following insula-
tion by a 500 nm-thick dielectric layer.
In this letter we report magnetotransport measure-
ments on lateral In.75Ga.25As QDs defined on an
In.75Ga.25As/In.75Al.25As heterostructure, with gate in-
sulation obtained with a 60 nm-thick layer of hydrogen
silsesquioxane (HSQ)17. We report a crossover from a
singlet to a triplet spin state that occurs with an in-
plane magnetic field of 0.7 T. The observation that singlet
and triplet spin states can be realized and manipulated
in these lateral QDs at moderate fields offers promising
venues for their exploitation in studies of spin physics
and for quantum information processing.
We employ two dimensional electron gases (2DEGs)
confined in metamorphic In.75Ga.25As/ In.75Al.25As het-
erostructures grown on undoped (001) GaAs substrates
by solid-source molecular beam epitaxy18,19. A ≈1 µm-
thick InxAl1−xAs “virtual crystal” with stepwise increas-
ing indium concentration (x = 0.15 to 0.75) is grown
between the GaAs substrate and the active region in
order to match the GaAs lattice constant to that of
In.75Ga.25As and In.75Al.25As. Our heterostructure is
designed as follows: a Si δ-doped layer is followed by a
11 nm In.75Al.25As spacer, then by a 15 nm In.75Ga.25As
quantum well and finally by a 45 nm In.75Al.25As bar-
rier. The structure is capped with 5 nm of In.75Ga.25As.
Shubnikov-de Haas measurements at 250 mK on the
2DEG yield a single occupied subband with density
n = 6.25×1011 cm−2 and mobility µ = 2.0×105 cm2/Vs.
A scanning electron micrograph of the sample is shown
in the inset of Fig. 1(a). Sample fabrication starts with
patterning a 600 nm wide HSQ strip on the substrate
by electron beam lithography (EBL)20,21: film thickness
is 60 nm. The central mesa region, aligned with the
dielectric strip, is then defined by EBL and wet etch-
ing in a H3PO4−H2O2 aqueous solution using a PMMA
mask. Etching depth is 90 nm, ensuring removal also of
the underlying δ-doping layer. Top metal gates are later
patterned by EBL and liftoff on the dielectric. Finally
ohmic side-contacts to the 2DEG are deposited by DC
magnetron sputtering and liftoff. Low contact resistance
was achieved by in situ argon plasma cleaning thanks to
the negligible Schottky barrier. The measured resistance
of the 2.5 µm-wide mesa strip is 160 Ω.
Electrical measurements are performed in a filtered
3He cryostat with 250 mK base temperature by lock-in
technique. A DC Vsd voltage plus a 10µV AC excitation
are applied to the source electrode, with the drain elec-
trode connected to the system ground through the input
resistance of a low-noise current amplifier. Figures 1(a)
and (b) show representative low-temperature transport
characteristics, typical of a QD in the Coulomb block-
ade regime23: as Vsd and VP are swept, diamond-shaped
regions of reduced conductance are found [Figs. 1(b)
and 2(a)]. Within each diamond conductance is strongly
suppressed by Coulomb repulsion, and the island is pop-
ulated by a constant number of electrons. At the edges
of these diamonds the electrochemical potential in one of
the leads is aligned to a QD resonance, thus lifting the
blockade. The half width of the nth diamond is a direct
measurement of the addition energy Eadd(n). Although
we are not able to completely deplete the dot, the signifi-
cant fluctuations in Eadd, together with the large energy
2FIG. 1: (Color online) (a) Zero bias differential conductance
G vs VP at 250 mK and 6 T (parallel field), measured with an
AC excitation of 10 µV. Inset: scanning electron micrograph
of the device (the scale bar is 500 nm). (b) Stability plot,
i.e., conductance versus (VP , Vsd) at zero applied magnetic
field and 250 mK, plotted on a logarithmic scale. Very large
addition energies Eadd ≈ 6 meV are observed, due to the
small electron effective mass in In.75Ga.25As.
spacings and Eadd are typical of a dot in the few-electron
regime23.
The ratio of Eadd(n) to zero-bias peak separations al-
lows us to estimate an average lever arm α ≈ 9 × 10−3,
that varies24 by ≈ 10% in the range of plunger voltages
shown in Fig. 2. Additional lines that run parallel to
diamond edges appear when Vsd is sufficiently large to
allow conduction through excited QD states. Data in
Figs. 1(b) and 2(a) allow us to estimate single-particle
energy spacing exceeding 1 meV.
The spin filling sequence of a QD can be inferred from
the chemical-potential evolution µ(n,B) under parallel
magnetic field B//. Figure 2(b) shows the measured
zero-bias peaks in a VP −B// plane, while the extracted
Eadd(n) are reported in Fig. 3(b). Data are consistent
with the energy diagram depicted in Fig. 3(a): single-
FIG. 2: (Color online) (a) Stability plot at B// = 0, and (b)
evolution of the zero-bias conductance as a function of the in-
plane field for the same gate voltages. Charge rearrangement
between the two measurements caused a small shift in VP
between the two plots. Both datasets were taken at 250 mK.
particle orbital states a, b, c, with energies εa, εb and εc
are non degenerate and all empty when 2n electrons are
in the dot. At magnetic fields B < BC ≈ 0.7 T we
observe the usual antiferromagnetic filling, i.e. electrons
are added with alternating spin orientation: (a, ↑), (a, ↓),
(b, ↑), (b, ↓). Addition energies, in this case, are given by
µ2n+2 − µ2n+1 = U + |g
∗
a|µBB (1)
µ2n+3 − µ2n+2 = U + (εb − εa)−
|g∗a|+ |g
∗
b |
2
µBB(2)
µ2n+4 − µ2n+3 = U + |g
∗
b |µBB, (3)
where U is the charging energy, g∗a,b are the level-
dependent effective g-factors, and µB is the Bohr mag-
neton. The last two added electrons occupy the εb level
with opposite spins and form a singlet.
As the magnetic field increases, the Zeeman energy
brings levels (b, ↓) and (c, ↑) closer. As previously seen in
similar QDs16,25, the exchange energy Kbc can be of the
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FIG. 3: (Color online) (a) Sketch of the energy levels crossing
due to Zeeman splitting. At B// = BC the Zeeman and
exchange energies cause the formation of a triplet spin state.
(b) Addition energies extracted from Fig. 2(b). The peak
positions were determined by fitting the G(VP ) for each value
of B// with the lineshape for a single-level QD resonance
22.
order of a fraction of meV and favors parallel spin filling.
When B > BC , |Kbc| > (εc − εb) − (|g
∗
c | + |g
∗
b |)µBB/2
and transition to a triplet state takes place. In this con-
figuration Eq. 3 must be replaced by
µ2n+4 − µ2n+3 = U + (εc − εb)− |Kbc|+
|g∗b | − |g
∗
c |
2
µBB,
(4)
where g∗c is the effective g-factor of level c. For occupation
numbers 2n+1 and 2n+3 the addition energy equals the
charging energy U . The observed marked dependence
of the latter on VP is a consequence of our dot design
and of the high 2DEG density. By fitting (1) and (2) to
the data in Fig. 3(b), we obtain the effective g factor
moduli |g∗a| = 4.4 and |g
∗
b | = 4.3. For B// > 0.7 T the
addition energy µ(2n+4)−µ(2n+3) is constant, therefore
|g∗c | = |g
∗
b | = 4.3.
In conclusion, we have shown that it possible to repro-
ducibly obtain metal-gate insulation and stable QDs on
In.75Ga.25As/In.75Al.25As heterostructures using EBL-
patterned HSQ. Thanks to the large value of the gy-
romagnetic factor g∗ ≈ 4 coincidence between singlet
and triplet states was observed at low magnetic field val-
ues. This technique can open the way to the application
of In.75Ga.25As lateral QDs for spin manipulation and
quantum computing architectures.
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